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THE CENTURY PSYCHOLOGY SERIES 


THE PHYSICAL DIMENSIONS 
OF CONSCIOUSNESS 


By EDWIN G. BORING, Ph.D. 
Professor of Psychology, Harvard University 


HIS book presents a new view of a psychophysiological 

monism as the scientific point of view for psychology. 
After attacking the conventional dualism of traditional psy- 
chology, the book outlines the doctrine of dimensionalism as 
the modern form of introspective psychology, deals with the 
elementary physiology of the nervous system, describes the 
physiology of space perception and that cf the perception of 
time, shows the nature of the tenable theories of sensory quality, 
discusses the psychology of intelligence, attention, and learning, 
and presents the relational theory of consciousness, showing 
that consciousness may be conceived as a physiological relation 
or reaction. 8vo, 245 pp. Illus. 
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work of Ebbinghaus to and including 1930. 
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from the Psychological Bulletin, January, 1933, are available at 
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LATERALITY OF FUNCTION ?? 
BY JUNE E. DOWNEY 


University of Wyoming. 


Laterality of function has in recent years been recognized as 
presenting many problems for investigation, problems much more 
comprehensive and complicated than were suspected by earlier 
writers on handedness. In contrast, too, with the older discussions, 
emphasis is put on factual rather than speculative material and an 
endeavor is made to measure degrees of functional dominance so as 
to make possible a statistical handling of the various problems. 

Somewhat in line with the traditional treatment is Ingalls’ dis- 
cussion (48) of right-handedness in which he states that he believes 
the problem of why we are right-handed admits of no definite solution 
and is in any case of no importance, since the real problem is why 
man is handed at all. Specialization of function, or functional 
superiority, is one of the economies of nature; handedness is due to 
cerebral specialization ; it is essentially a human characteristic. The 
latter statement appears dubious in the light of recent investigations 
on handedness in rats. 

Uhrbrock (104) has outlined a tentative theory in explanation of 
handedness in terms of the pressure exerted upon the head of the 
infant at birth, unequal pressure upon the two sides of the cranium 
resulting from internal rotation. This theory is submitted subject 
to future verification or refutation. 


1A review of papers appearing from 1924 on. A few reports in foreign 
journals have been omitted because not accessible to the reviewer. 

pay ae : . 5 

2 This paper, completed some months before the death of Dr. Downey, has 
received special editorial attention from Thelma Dreis, Yale University, who 
has also contributed a supplementary bibliography. 
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MeETHOpDs oF TESTING AND CLASSIFICATION 


A central problem in recent experimentation is the development 
of an adequate method of scaling an individual for handedness. 
Bimanual habits in addition to unimanual habits are also receiving 
attention. 

Questionnaire reports by adults on one’s method of distinguishing 
right from left have a limited value. The question how one tells the 
right from the left has no meaning at all for certain observers for 
whom the distinction is too automatic to be introspectible. Others 
are able to cite definite cues such as feeling of greater tonicity in one 
or the other hand, or reliance upon some sort of visual cue, as a scar 
or ring. The presence of definitely recallable cues either for child- 
hood or adult situations is associated with more liability to spatial 
confusions and points to a less strong handedness bias (Downey, 23). 

Woo and Pearson (113) utilizing data in the Galton laboratory 
for male groups (3,838 to 6,992 cases, six to eighty-one years) and 
accepting the difference in grip between the two hands as the measure 
of manual dextrality concluded that lateralism is a continuous variate 
and that “ dextrality and sinistrality are not opposed alternatives, but 
quantities capable of taking values of continuous intensity and pass- 
ing one into the other.”” Woo (114) in a second memoir, used as 
tests of manual dextrality on about 400 university students, (1) grip, 
(2) “ first and last pull” on a dynamometer, (3) difference of first 
and last pull, or lack of endurance in pulling, (4) steadiness of hand, 
and (5) a balancing test. Again, he concludes that people are not 
dichotomized into dextralists and sinistralists. Dominance of lat- 
erality in any of the characters tested was not significantly associated 
with dominance of laterality in any other character. 

Tests utilized by other investigators include grip, steadiness and 
aiming, dart-throwing, various form-boards (Heinlein, 45, 46; 
Wallin, 106); peg-board, color-sorting, pink tower, form-boards 
(Jones, 53); writing, throwing, hammering (Oates,73). For 
bimanual activities observations are made on batting, sweeping, rak- 
ing, spading and shoveling (Downey, 23; Haefner, 43; Oates, 73; 
Ojemann, 76). 

The most elaborate attempts to devise a scale for rating handed- 
ness are those of Haefner (43) and Ojemann (75, 76). 

Haefner used paired groups of 68 left-handed and 68 right- 
handed boys and girls in grades 4, 5, 6, and 7. Chronological age, 
sex and school grades were kept constant for each pair. The follow- 
ing tests were used: Direction of drawing, throwing with one hand, 
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receiving an object, easy reaching, energetic reaching, thumb on top, 
use of baseball bat, use of broom. The highest score obtainable 
was 16. The best index of dominance was found in the throwing 
activity. The bimanual activities were found to be less significant 
as indices of handedness than the unimanual activities. Haefner 
concludes, “ Left-handedness and right-handedness are by no means 
unitary terms but may include, on the contrary, combinations of 
hand activities which differ almost as widely as do the two terms 
themselves.” Haefner’s tests and his method of scoring have 
been modified and used in the investigations of Cuff (9,10) and 
Scheidemann (91). 

Ojemann (75,76) has devised a technique for scoring both 
unimanual and bimanual handedness. By means of a combined score 
on five different tests (ball-throwing, paper-cutting, tapping, needle- 
threading, block-packing) he was able to differentiate between dif- 
ferent unimanual handedness groups, namely, the right-handed, the 
left-handed, and ambidextrous. The judgment of parents concern- 
ing the handedness of children was selected as criterion for deter- 
mining the differential value of a test. The combined scores on the 
five selected unimanual tests for an unselected group when repre- 
sented graphically gave a bimodal curve. Ojemann concludes, in 
opposition to most investigators, that handedness is a general factor 
which tends to divide individuals into two groups. Relatively few 
individuals are ambidextrous. 

A combined description of the use of the hands in unimanual and 
bimanual activities is furnished by the so-called handedness formula, 
Downey (23) following Rife. The first letter of the formula is 
used to indicate unimanual handedness; the second and third letter 
which hand is down (a) in batting, (b) in such operations as sweep- 
ing, spading and the like. Such a formula has descriptive, if no 
other, value. The resulting formule RRR (LLL), RLL (LRR), 
RRL (LLR), can be modified so as to insure greater accuracy in 
report. For example, RRR-A might be used to indicate that the 
hands change position on broom or spade or RRR-Cr to indicate 
that the work is done on the side of the body opposite to the hand 
down (Ojemann, 76). 

Some confusion has arisen through interpretation of the formula 
in a theoretical way, so that the third letter comes to signify the 
right- or left-handed way of performing rather than the relative 
position of the hands. 

All investigators so far have found that the majority place the 






































112 JUNE E. DOWNEY 


— 


left hand down on the broom and spade.* For this reason 
Ojemann (76) considers this the right-handed way of operating, and 
exchanges L and R in the third letter of the formula. He finds that 
bimanual handedness as classified by him varies directly with 
unimanual handedness. 

Some curious discrepancies occur among the various reports on 
bimanual handedness. Downey (23) found 17 per cent of superior 
men were left-handed batters and 10 per cent of inferior men. Over 
50 per cent of left-handed subjects batted left-handed. Haefner (43) 
reports 30.9 per cent left-handed batting among his right-handed 
children and 60.3 per cent among his left-handed. Ojemann (76) 
found among his 518 young subjects, both right- and left-handed, 
only 4.6 per cent left-handed batters. Experience and criterion used 
in classification are no doubt complicating factors. 

Smith (97) in commenting on bimanual handedness insists that 
the conception of nearness “to the business end of the tool” is 
without value since within a constant hand-position many different 
movements of the body may be distinguished. These movements 
may vary qualitatively relative to the nature of the task: in light and 
heavy sweeping, for example. From her study of the use of the 
two hands by the blind in reading point-script, Smith suggests that 
the left hand really functions as a sense organ and that the right hand 
is superior only as an effector organ. 

Woo and Pearson (113) in discussing the conclusions of 
Van Biervliet have also cautioned against confusion of muscularity 
with sensitivity in investigations on lateralism. 

In connection with bimanual handedness a curious phenomenon 
known as synergia probably deserves consideration. Pathological 
cases have been reported in which the movements of the two hands 
cannot be dissociated. Drinkwater (30) calls attention to the fact 
that this is the natural condition in infancy; dissociation occurs only 
as a matter of gradual development. 

Orton and Travis (82) question attempts to determine handed- 
ness in adults by motor tests since training may obscure the original 
physiological preference. They have recourse, instead, to precedence 
of action currents in the forearms during simultaneous voluntary 
flexion of the digits of the two hands. 

Watson (107), reporting on the First Neurological Congress, 
cites Minor (Moscow) as suggesting an anatomical basis for 


3 The seeming discrepancy in Oates (73) is due to his shift in method of 
recording bimanual handedness. 
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discerning handedness, apart from training, in the spread of the veins 
on the back of the hand. (See Minor, 174, 175.) 
GENETIC STUDIES 

Observations on infants and pre-school children are of first 
importance in determining whether or not functional dominance is 
native and whether it increases with age. Gesell (40) states, “ Under 
extremely diverse . . . social suggestions, we have found that 
the great majority of infants . . . show a progressive tendency 
toward right-handedness which becomes well established in the second 
half of the first year.” Under similar conditions a minority of 
infants show equally well defined left-handedness. 

Five hundred observations of handedness preference in infants 
from 80 to 300 days of age were made by M. C. Jones (53). “As 
part of the routine procedure in testing for thumb opposition and 
reaching, the reactions of the two hands were noted separately. At 
the stage where these functions were developing no preference was 
found for one hand rather than the other, except in a very few cases.” 
A left hand dominance occurred in a case of spastic right paralysis; 
in another, where both parents were left-handed; and in a third case 

right-handed parents) in spite of a severe burn on the left hand. 

Wellman (108) concluded that there was an increase in superi- 
ority of the right hand from three to six years; Johnson (49) and 
McGinnis (63) have also reported that there is a tendency for older 
children to use the right hand to a greater degree than younger 
children. 

Heinlein (45) reports results on a series of tests including grip, 
tapping, steadiness and aiming tests given to 60 children from four 
to twelve years of age. These tests were repeated at yearly intervals 
for a decreasing proportion of the children. Twenty-five per cent of 
the group consistently made superior scores with a given hand in 
repeated trials of all test series. When the children were classified 
as “consistently right-handed, consistently left-handed and incon- 
sistent” it appeared that the consistently right-handed showed an 
age increase in dextrality in the tapping and target series; the con- 
sistently left-handed an age increase in dextrality in grip and steadi- 
ness, but a decrease in the target test. There were no significant 
age changes in dextrality apparent in the inconsistent group. 

Heinlein (46) has also reported on preferential manipulation in 
children of pre-school age. The tests of handedness used were the 
Dunlap Marble Board, the Cornell adaptation of the Seguin Form 
Board, and toys. She also investigated learning by the non-preferred 
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hand, trained left-handed children in the use of the right hand in a 
coordination test and a dart-throwing test and reported daily observa- 
tions on uncontrolled activities. Convenience was found to play an 
important role in preferential manipulation of pre-school children. 
Equal accessibility to both hands leads to the predominant use of the 
preferred hand and this tendency is more pronounced when objects 
are conveniently located relative to the preferred hand, with greater 
variability when the greater convenience exists for the non-preferred 
hand. It proved possible to train the non-preferred hand in various 
activities with a transfer to the preferred hand. “The results of 
the various tests of handedness indicate the existence of ‘ degrees’ 
of manual bias ranging from a pronounced preference for either the 
right hand or the left hand to a relatively ambidextrous state where 
neither hand is definitely favored.” 

H. E. Jones (52) has given an excellent summary of the observa- 
tions that have been made on handedness in infancy, and also of the 
changes in quantitative dextrality in relation to age. The latter 
problem is handled in his own investigation. “The evidence,” he 
writes, is “in favor of an increasing dextral lateralization during 
infancy, and, less conclusively, up to six years of age. With pre- 
adolescents conflicting results have been obtained, while among 
adolescents several studies have shown that the difference between 
the two hands is beginning to diminish.” But the specific function 
tested and the method of computing the dextrality index complicate 
the issue. In Jones’ observations on 60 pre-school children the 
correlations indicate a positive but low relation between dextrality 
and age. Varying interpretations of the increase of dextrality with 
age are outlined but with the data at hand the author does not attempt 
to decide between the origin of right-handedness in environmental or 
intra-organic influences. 

Boynton and Goodenough (4) have recorded the posture of 56 
nursery school children during sleep and report that these children 
spent the greatest part of their total sleeping time on the right side 
with the left side slightly less. favored, the abdomen next and the 
back least. They believe, however, that not right-handedness but 
other factors operated to produce this result and that, on the whole, 
there is a slight tendency for the child in whom hand-preference is 
more strongly developed to sleep on the side opposite to the preferred 
hand. 

Johnson (50) in studying changes in muscular tension in codrdi- 
nated hand movements, using the Dunlap tapping board, found that 
in terms of four types of pressure records a child’s left hand per- 
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formance might be of a distinctly different type from his right hand 
performance. 

Gordon (41), reporting on the hand and eye preference of twelve 
nursery school children, found that five preferred the right hand and 
the right eye; five preferred the right hand and the left eye; one 
preferred the left hand and the right eye; one preferred the left 
hand and the left eye. 


ORIGIN OF HANDEDNESS 


It is a common assumption that left-handedness is inherited but 
proof of this assumption is a difficult matter. Chamberlain (6) 
reports an interesting statistical investigation which was stimulated 
by Ramaley’s hypothesis that left-handedness appears according to 
Mendelian law. Chamberlain sought to find families in which both 
parents were left-handed, using handwriting as the criterion of left- 
handedness. A total population of 12,068 was interrogated. From 
families in which one or both of the parents are right-handed he 
reported a percentage of 17.34 per cent of the children left-handed, 
while in families in which neither of the parents are left-handed only 
2.1 per cent of left-handed children were found. Chamberlain con- 
clues, “ There can be no doubt that the trait is inherited, but surely 
not as a Mendelian recessive.” 

The recent work on handedness and eyedness suggests the need 

investigations in which parents as well as children are scaled in 
accordance with quantitative tests. - Possibly, as has been suggested, 


» whole problem of inheritance of handedness could be much better 
proached by way of handedness in rats. 


jet 


White and Dallenbach (110) find that position is a determinant 
of attention and that the specific positional preference is a matter 
of the handedness of the O, right-handed O’s being predisposed to the 
left and left-handed O’s to the right. This confirms the earlier 
investigation of Burke and Dallenbach. 

Gesell (40) believes that the evidence at hand favors the view 
that handedness is due to germinal factors but the evidence is not 
conclusive because “ sinistrality may still be a secondary by-product 
of a more fundamental familial trait involving vascular or anatomi- 
cal peculiarities. The frequency of left-handedness in twins suggests 
an epigenetic factor of a regulatory nature.” 

As a test for monozygotic or identical twins several authorities 
have suggested the use of finger, hand and sole prints and concluded 
that the same hands or feet of the two individuals are more nearly 


alike than the different hands or feet of the same individual. 
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Newman (71) says “that a great majority of the unequivocal cases 
of identical twins exhibit same-sided asymmetry, the right side of 
one twin being more like the right side of the other twin than like 
his own left side. Also, usually, the left side of one is more like the 
left side of the other than like his own right side. This rule holds 
true especially in the most strikingly similar twins. In the less strik- 
ingly similar, yet unequivocal cases of identical twins, the right side 
may be like the right, but the left side may not be any more like the 
left than like his own right side. In still other cases of certain 
identicals, especially in those pairs in which one twin is left-handed, 
the left hand of one twin is more like the right hand of the other 
twin than like his own right hand.” 

If, as Newmann believes, left-handedness is inherited as a 
Mendelian recessive, how can it happen that monozygotic twins, of 
identical heredity, should so often show reversed handedness? 
Newman (70) explains this in terms of his theory of epigenetic 
left-handedness. He assumes that in twinning the inferior side is an 
asymmetry opposite to that of the superior side and that the twins 
are genetically right-handed. The epigenetic left-handedness is a 
somatic variation. He gives as a reason why not all identical twins 
show asymmetry reversal in one twin the fact that the epigenetic 
establishment of asymmetry may sometimes take place before twin- 
ning, sometimes after. The twins will show a high degree of asym- 
metry reversal if the establishment of asymmetry takes place before 
twinning; they will show the same asymmetry if establishment of 
asymmetry follows twinning. Reichle (88) finds Newman’s explana- 
tion of epigenetic handedness questionable. (See also Wilson and 
Jones, 218). 


INFLUENCE OF TRAINING 


The influence of training both general and specific upon handed- 
ness performances has not yet received the detailed attention it 
deserves. In particular, it introduces a margin of error in scaling 
individuals relative to degree of unimanual expertness. Bowman (3) 
gave a practice series of thirty-five sets of pegging tests (three trials 
to a set) to five subjects whose handedness habits had been investi- 
gated by Downey. All right-handed S’s show a decrease in R/L 
ratio; there was an increase in this ratio for the left-handed. The 
most significant items in the report are the comparative practice 
curves of the most right-handed subject R (RRR Right-eyed) and 
subject D (RRL, Left-eyed). At the close of the practice series 
R’s right hand was still outstandingly more expert; D’s left-hand 
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performance, on the contrary, gained relatively more than the right. 
At times it equalled the right-hand record. 

It would, perhaps, be an unattainable council of perfection to 
insist upon a comparison of right- and left-hand performance in any 
particular test only after an approximate limit of practice effect had 
been reached by the two hands. But it is quite likely that such 
procedure would increase the number of subjects who are rated 
as ambidextrous. It may be that the one-sided practice of the 
right hand (or the left hand for the left-handed) operates to 
produce Ojemann’s bimodal curve of unimanual handedness (75). 
Ewert (33) in a repetition of Starch’s mirror-drawing experiment 
and an extension of it to include studies of groups as well as indi- 
viduals reports “the relative ability of the preferred and non-pre- 
ferred hand to improve in mirror-drawing is about equal for both 
hands.” However, no comments are given which enable one to judge 
the basis on which the two groups using respectively the non-pre- 
ferred and the preferred hand were selected. Coons and Mathias (7) 
report an experiment enforcing subjects with right monocular prefer- 
ence to use the left eye. They conclude that ocular dominance may 
be acquired through use or lost through disuse. They give no details 
relative to their experiment. 

Griffith (42), using ten tests of motor ability, concluded that 
‘with five of the eight tests with which both right- and left-handed 
scores were obtained, there was a greater gain in the scores for the 
preferred hand than in the scores for the other hand. . . . There 
is a slightly higher correlation between the scores for the right and 
left sides in the results for the second day than in the results for the 
first day. The average dextrality index is slightly greater for the 
second day’s results than for the first day’s results. This difference, 
if not due to chance, means that the right-handed are more right- 
handed the second day than they are the first.” Munn (68), report- 
ing an experimental investigation on bilateral transfer of training 
found the average amount of transfer to left hand due to practice 
with the right hand was 32.59 per cent. 

Everyone is acquainted with cases of left-handed children who 
use the right hand in writing either under compulsion or because of 
imitation. The reverse situation in which a right-handed child 
becomes accustomed to writing with the left hand is less frequently 
observed. That such cases exist, and perhaps more frequently than 
we have been accustomed to believe, is evidenced by a curious situ- 
ation reported by Scheidemann and Colyer (94). In a second grade 
group of 34 children, 16 were left-handed writers. When given a 
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number of hand preference tests and when tested for ocular domi- 
nance ten of these children proved to be definitely right-handed and 
right-eyed. All but one were shifted without difficulty to writing 
with the right hand. Both the first and second grade teachers of 
this group of children were left-handed. Individual case studies (95, 
143) suggest that imitation of a left-handed mother, teacher, or 
companion or even trivial factors may be responsible for unnatural 
hand preference in writing. 

Morsh (67) has reported an experimental study of two left- 
handed children to whom right-hand training was given in tracing, 
dart-throwing, mirror-star tracing, and writing, with marked 





improvement and no bad consequences. 

Uhrbrock (103) has summarized the newer points of view con- 
cerning handedness for the teacher who is confronted with the 
problem of deciding whether or not to shift the child writing with 
the left hand to right-hand writing. An excellent practical discussion 
of the whole problem of the left-handed child is contributed by 
Scheidemann (93). 


OcuLar DoMINANCE 


. Since Parson (83) formulated his hypothesis that the preferred 
hand is determined by the sighting eye, a great deal of work has been 
done on eyedness and its relation to handedness. This work has 
shown three main tendencies: (1) an attempt to improve the tech- 
nique by which ocular dominance is determined; (2) an endeavor 

‘ to classify as accurately as possible in terms of the chosen technique 
the various forms of eyedness and to determine percentages of fre- | 
quencies; (3) an effort to recheck the relationship between the | 
various forms of ocular and manual preference. Parson’s instru- | 
ment, first named the manuscope and then renamed the manuopto- 
scope, was early subjected to certain forms of criticism. Cuff (9, 12), 
particularly, entered upon a detailed criticism in terms of the inade- 
quacy of the directions for giving the test, and the failure to secure 
adequate control. Modifying Parson’s instrument, he has invented 
an instrument he calls the manoptometer (11), which consists of an 
easel and a sighting tube. He describes it as follows (9): “ The 
exposing device has separate slides which are moved in a chance order 
toward the center of the easel. The back of the easel is divided into 
centimeters ; this makes it possible to secure a quantitative measure 
of the unilateral sighting tendency as an index of handedness.” The 

advantage of Cuff’s instrument is the possibility of stating data in 
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quantitative terms. Unilateral sighting preference may be much 
stronger for one right-eyed individual than it is for another. 

Lund (62) describes a new device, the monoptometer, which he 
considers superior to other proposed devices for measuring eye- 
dominance. It makes use of more objective and less artificial con- 
ditions, does not rely upon S’s report, and yields quantitative results 
as regards both kind of dominance and degree of dominance. 

Mills (66,173) used divergence inside of the convergence near 
point as a test for ocular dominance. Lineback (59) reports a 
method of determining ocular dominance by the position of the 
shadow of a staff placed in right angle line with a spot on a wall some 
16 feet distant and about 4 feet away from the subject. A. M. and 
M. A. Snyder (98) use a projection test. “ It consists in fixating a 
designated point on the test card and, without moving the eyes, 
bringing the top of a pencil or the point of the finger in line with the 
line of sight about midway between the card and the eyes. As either 
left or right eye is closed the results are noted and interpreted accord- 
Scheidemann (92) 
describes a simple peep-hole test that can be used with children. 


ing to the information contained on the card 


Miles (64,65) has reviewed various tests for ocular dominance 

that have been suggested as (1) Comparative Monocular Brilliance; 
2) Comparative Monocular Acuity; (3) Comparative Fixedness of 

the Visual Image When the Eyes are Alternately Covered; (4) Com- 
parative Persistency in Convergence; (5) Unilateral Sighting. He 
has also described a new vision test named the ABC Vision 
Test (172). Specially prepared test cards are viewed through a 
paper funnel or V-scope that is made of folded white cardboard, 
formed in such a manner that it must be pressed open between the 
two hands if the subject is to see through the aperture. Standard 
directions for giving the test are employed. Miles has obtained 
photographs of groups, each member of which is provided with a 
V-scope so focused as to show clearly ocular dominance. 

Updegraff (209,210) has used the Miles ABC Vision Test with 
children from two to six years of age. Scheidemann and 
Robinette (199) were able to test ocular dominance in children as 
young as twenty-one months of age by use of the peep-hole test. 

Downey (27) has checked on successes of observers in judging 
ocular dominance from ordinary photographs. Observers range in 
accuracy from 48.2 per cent to 62.9 per cent. With selected photo- 
graphs it was possible to obtain an accuracy of 76 per cent for a 
group of observers. 

Danielson (16) has extended the research investigation carried 
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on forty years ago by the Riders on unilateral voluntary winking. 
The Riders were concerned mainly with the influence of relative 
visual acuity on the winking habit; Danielson worked with ocular 
dominance and many other conditions. About 500 patients were 
studied. Moving pictures were taken and cuts made to illustrate 
different types of winking ability and their relation to facial grimaces. 
A great deal of valuable material was collected. Briefly, Danielson 
concluded that “The dominant eye is the contralateral to the better 
winking eye in most cases.” 

It is interesting to compare the percentages for eye preference 
cited by different experimenters. Parson (83) reported 69.3 per 
cent right-eyed, 29.3 per cent left-eyed, 1.37 per cent impartial vision. 
Downey (23), using Parson’s manuoptoscope and Wray’s ring test, 
reported about 73 per cent right-eyedness among right-handed men 
and 64.6 per cent right-eyedness for right-handed women; Cuff (9), 
using Parson’s instrument, found 62.3 per cent right-eyed, 28.8 per 
cent left-eyed and 8.9 per cent impartial in vision. Using his own 
manoptometer, he (12) reported that four groups of eyedness should 
be recognized: the right-eyed, the left-eyed, the unstable-eyed, and 
the equal-eyed. His percentages were: right-eyedness, 72.9 per cent 
for 120 boys, 70.6 right-eyedness for 117 girls. Miles (64) reports 
for various groups of subjects, both children and adults, that for 
normal population about 65 per cent will demonstrate dominance of 
the right eye, 30 per cent dominance of the left, and 5 per cent mixed 
or impartial vision. A. M. and M. A. Snyder (98) report that on 
the average 64 per cent have a right ‘monocular preference and 21 
per cent have a left monocular preference which makes a total of 
85 per cent who have a distinct eye preference. They also believe 
that eye preference is an acquired visual habit, is modifiable, and 
varies in degree with age. 

Lund (62) reports that his monoptometer tests yielded 69.8 per 
cent right-eyed, 25.5 per cent left-eyed, and 4.6 per cent binocular 
and ambiguous. 

Determination of amount of manual and ocular asymmetry has 
proved of great interest. Later investigators agree that Parson 
begged the question by his assumption that whenever he found a 
discrepancy between eyedness and handedness either eye or hand 
preference had been interfered with. Cuff (9) reports that using 
Parson’s instrument and giving the test five times in succession he 
found that the exceptions to Parson’s “theory of handedness as a 
result of eyedness amount to approximately 20 per cent of the num- 
ber tested.” Miles (64) quotes with approval Enslin’s conclusion 
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that “the clearly left-handed are about evenly divided between left- 
and right-eye dominance, whereas in the right-handed the great 
majority are right-eyed.” 

Downey’s (23) figures lead to much the same _ conclusion, 
although she found more eye- and hand-asymmetry for inferior than 
for superior right-handed men, and some indication of a sex differ- 
ence in eyedness apparently not confirmed by other investigators. 
Oates (73) reports for a selected group of 194 left-handed boys that 
52.6 per cent were right-eyed and adds, “ From our table it appears 
that there is an increasing amount of crossed sinistrality in the mixed 


sinistral types, and that it is least in the pure sinistral groups. 


~ 


COMPARATIVE VISUAL ACUITY 


The problem of the comparative acuity of the two eyes should 
not be confused with that of ocular dominance in sighting; although 
pparently many persons assume that the more acute eye will be the 
sighting eye. 

Woo and Pearson (113), conceiving ocular dextrality in terms of 
the difference in visual acuity of the two eyes, found, in the Galton 


data, no correlation between manual and ocular dextrality. Ocular 


lateralism, as manual lateralism, was found to be a continuous variate. 
l 


‘| 


hey found no correlation with age. These conclusions were con- 
firmed by Woo’s second investigation (114) on a group of 400, and 
with an increased number of tests of ocular superiority. 

Cuff (9) reported lack of agreement between acuity and manu- 
scopic tests. Geldard and Crockett (39) after a carefully controlled 
experiment on binocular acuity concluded that “the difference 
between the eyes with respect to visual acuity is a function of age.” 
Cases occur in which there are no differences at any age, but such 
differences become less frequent with increasing age. They report 
that they failed to find any support whatever for the conception that 
‘yedness and handedness were intimately and positively correlated. 
No report is given as to how their subjects were classified for 
handedness and apparently no tests of sighting habit were given. 
A. M. and M. A. Snyder (98) report that eye preference is not 
necessarily caused by the inferiority or superiority of one eye. They 
found the preferred eye the weaker in many cases and suggest that 
possibly in some cases the greater weakness of the preferred eye is 
a resultant of eye preference. Coons and Mathias (7) report that 
" visual acuity apparently does not determine the eye preference.” 
They tabulated the Snyder test for near- and far-sightedness against 
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their data for left-monocular, right-monocular, and ambi-ocular pref- 
erence, but give no details concerning the experiment. 


FooTEDNESS 


Very little work has been done on this topic. Schaeffer (90) con- 
cluded from a study of the data at hand that the right leg is longer 
in about 52 per cent of humans. Lund (61) measured the length of 
the legs as a test of dominance and reported 39 per cent of left-domi- 
nance, 33 per cent of right-dominance, and 28 per cent of equality. 
If one can infer functional dominance from structural dominance, 
left-footedness is much more common than left-handedness. Crossed 
asymmetry, that is, longer arm on the one side associated with longer 
leg on the other has been reported as common by a number of 
anthropologists. Downey’s figures (23) seem to indicate that the 
hand down on the spade follows the spade foot. In such bimanual 
operations as spading and shoveling footedness certainly deserves 
consideration. 

Lund (61) believes correspondence between functional and struc- 
tural dominance the simple and natural explanation for the typical 
veering from a straight course that results when a man attempts to 
walk such a course blindfolded. In a carefully planned experiment 
on 125 subjects, measurements were obtained for handedness, eyed- 
ness, length of arms and legs, and posture and the degree of cor- 
respondence with right or left veering calculated. A superior struc- 
tural development of the right leg in left veering subjects, and vice 


versa, was found in “ four out of every five subjects.” 

Haefner (44) has recently reported on the hand and foot tend- 
encies of children. Four foot tests were used, namely: stepping off, 
stepping up, kicking, and pressing down with the foot on a wad of 
paper. These were given to 136 children, of whom half were left- 
handed. He reports that only a small percentage of children show 
foot dominance and coefficients between hand and foot tests were 
likely to be low. The unimanual activities are rather highly corre- 
lated with the foot activities of kicking and pressing down but show 
the results of considerable modification in their relation to the foot 
activities of stepping off and stepping up. Unimanual activities 
show a somewhat higher degree of correlation with foot activities 
than do bimanual activities. Haefner used his test of pressing down 
to provide a measure of the spade foot, a somewhat dubious 
assumption. 
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THUMB ON Top 


Tabulation of cases shows that in clasping hands with fingers 
interlocking the right and left thumbs are placed uppermost in a 
proportion of about 50-50. This 50-50 proportion should not, how- 
ever, be interpreted to mean that the thumb uppermost is a matter of 
acquired habit. Downey’s (23) figures, in which results from 589 
right-handed men were set over against those from 143 left-handed 
men, showed that while 51.3 per cent of right-handed men have the 
right thumb up, only 37.1 per cent of left-handed men have this 
thumb on top. For 374 right-handed women the per cent with right 
hand up is 57.2 per cent; for 99 left-handed women, 46.4 per cent. 
Haefner (43) found 52.9 per cent of his 68 right-handed children 
and 35.3 per cent of his left-handed children placing the right thumb 
yn top. 


HANDEDNESS AND ABILITY 


Wilson and Dolan (112) have attacked by a statistical procedure 
the question of the relation of handedness and ability. In a prelim- 
inary survey they obtained the incidence of handedness among 2,328 
high school pupils and found, in addition, the percentage of 
those who had been changed in handedness ; the combined percentages 
gave 9.85 per cent for the boys, and 6.76 per cent for the girls. A 
comparison was then instituted for the amount of left-handedness in 
regular rooms and in special rooms for retarded and subnormal chil- 
dren. The percentage in this latter case was 6.37 per cent as against 
3.54 per cent in the first case. When classes sectioned for ability 
were compared it was found that the combined percentages of 
changed and unchanged left-handedness were 6.60 for the high sec- 
tions and 10.04 for the low. A study was made of the relationship 
of handedness to ability in 975 children ready for promotion to the 
seventh grade. “(a) When intelligence and mean achievement of 
the sinistrals and dextrals were compared, it was found that the 
dextrals were slightly superior in every respect. (b) When the two 
groups had been equated in intelligence the relative superiority of 
the dextrals in achievement remained approximately the same. 
(c) When handedness was correlated with intelligence, achievement 
and chronological age, a superiority of the dextrals was shown to be 
consistent throughout, although the coefficients were very low. 
(d) Sinistral girls were slightly superior to sinistral boys in every 
respect.” 


Haefner (43) reports for his paired groups of right- and left- 
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handed that there is found no reliable difference between the two in 
mean I.Q., in standard deviation of I.Q., or in coefficient of variation 
of 1.0. No difference was found in school achievement. School 
grade was held constant for these pairs. As measured by a somewhat 
crude instrument, the left-handed group seemed to be slightly better 
adjusted to the school situation than was the right-handed group. 

Oates (73) concludes, “ While sinistrality is apparently not cor- 
related with either superiority or inferiority of intellect, marked 
departure from unilateral functioning is definitely related to compli- 
cations in the nervous organization which may hinder the adjust- 
ments necessary for the attainment of school efficiency at the level 
of native ability.” Oates, in contrast to the two preceding investi- 
gators, reckoned with both manual and ocular dominance. 


LATERALISM AND SPEECH 


The belief that reversal of the native handedness in writing may 


cause a speech defect is fairly wide extended. There are, however, 
many dissentients. Elder (31) sees no danger in such reversal. 
Wallin (106) writes, “ Our figures show that the vast majority of 
our left-handed pupils who have been taught to write with the right 
hand have not developed any speech defects.” Fletcher (35) con- 
cludes, “ There is indeed an increasing amount of evidence against 
the hypothesis that there is any unique significance in the act of 
Haefner (43) reports that 


learning to write with the right hand 
his study offers only slight evidence of a relation between change of 
writing hand and speech defects. 

Ojemann (74,77) found that the left-handed child can be taught 
to write with the right hand without causing any disturbances in 
speech. In his group of 23 dextrosinistrals, very carefully chosen by 
application of his scale for determining degree of handedness, the 
shift from the left to the right hand occurred after the speech habits 
had become well organized. He recognizes the possibility that in 
training a left-handed child to write with the right hand certain other 
factors may produce a speech disturbance; if, for example, the 
teacher employs a method of training that produces mental confusion 
on the part of the subject. Ojemann also found no significant differ- 
ences in the proportions of unimanual or bimanual left- or right- 
handedness or of unimanual ambidexterity in a comparison between 
a group of speech defectives and an unselected group. Crossed 
asymmetries are not discussed by the authors mentioned above. 

Oates (73) found a higher percentage of speech defects among 
left-handed than among right-handed children, a proportion increased 
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in mixed handedness groups and in those where crossing of eye and 
hand occurred. He concludes, “ The tendency to speech disturbance 
is fundamentally related to departure from unilaterality of function 
in the native organization of the nervous system which expresses 
itself in mixed handedness and crossing between hand and eye.” 

Orton and Travis (82) sought a method of determining the 
natural physiological bent “after the person had been exposed to a 
variety of chance and determined factors of motor training.” They 
nade a study of the neuromuscular action currents of voluntary con- 
tractions in a group of normal speakers and a group of stutterers, 
and concluded that “the precedence pattern of the action currents 
in stutterers who use the right hand by preference in trained motor 

cts varies strikingly from that of normal speakers who have the 
same right-handed preference.” Travis and Herren (101) in a study 
of simultaneous antitropic movements of the two hands also found 
lifferences between right-handed normal speakers with a history of 
right-handedness, right-handed normal speakers with a history of left- 
handedness, and left-handed normal speakers with a history of left- 
handedness. They found also “a significantly greater number of 
amphiocular persons among the right-handed stutterers than among 
any other group with the possible exception of the right-handed 
normal speakers with a history of left-handedness.” In a mirror- 
tracing experiment reported by Travis (99, 207) right-handed stut- 
terers were found to be more facile with the left hand than the right, 
and right-handed normal speakers more facile with the right than 
with the left hand. More left-eyed individuals were found among 
right-handed stutterers than among right-handed normal speakers. 

A most interesting case-study of recurrence of stuttering (after 
13 years) which followed a shift from normal to mirror-writing is 
also reported by Travis (100). 

Johnson (51) has furnished a study of his own experiences as a 
stutterer. He ascribes his defect to the fact that he should have been 
left-handed as shown by the Iowa diagnostic laboratory tests and 
reports improvement from building up a habit of using his left hand, 
thus establishing, as he believes, a dominant motor lead. 


LacK OF UNILATERAL DOMINANCE AND SPECIAL DISABILITIES 


Failure in establishment of a dominant unilateral lead has been 
held responsible not only for speech defects but also for reading, 
spelling, and writing disabilities. (Orton, 79, 80, 81, 181, 182, 183, 
184; Dearborn, 17, 18, 60; Gates, 37; Kingman, 54; Travis, 100.) 
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Case studies originating from dextral training of left-handed children 
have been cited by Fagan (34) and Richards (89). 

“If,” writes Orton (80), “there should be failure in establish- 
ment of the normal physiological habit of using exclusively those 
[engrams] of one hemisphere there might easily result a confusion 
in orientation which would exhibit itself as a tendency toward alter- 
nate sinistrad and dextrad direction in reading and in a lack of 
prompt recognition of the differences between pairs of words which 
can be spelled backwards or forwards. ” 

Dearborn (18) also relates reading and spelling difficulties to 
interference with the natural movements of eye or hand. He cites 
cases of reversal of letter-form, tackling words from the wrong end, 
and partially or completely mirrored-writing as “ due to the interfer- 
ence of sinistral tendencies of hand and eye with the learning of the 
dextrad movements and sequences required in our reading and 
writing.” He found difficulties especially in children who had been 
changed over in handedness or whose one-sidedness had never been 
well established. (See also Kelly, 162.) 

Payne (84) warns against an indiscriminate application of such 
theories and shows that often mispronunciations which on the surface 
may appear to be due to left-handedness and left-eyedness or to dis- 
orders in visual functioning are more satisfactorily explained in 
terms of factors which are characteristic of the normal learning 
process. 

Travis (100) has reported a case of extreme writing illegibility 
which was helped by a shift to mirror-writing. This patient belonged 
to a family a number of whose members showed striking writing 
disabilities. He was ambidextrous and had left-eye dominance. 
Action currents showed that he lacked a preferential unilateral 
manual lead. 

Mirror-writing has been found associated with reading disability; 
in part they are thought to have a common etiology (60, 79). 
Downey (26) has shown that back-slanted writing when produced 
by right-handed penmen is commonly an indication of left-eyedness 
or some form of latent sinistrality and that right-handed persons 
writing mirror-script for experimental purposes commonly slant it in 
a forward direction. Blom (1) has summarized the literature on 
mirror-writing and its relation to laterality of function. 

On the basis of detailed studies of seven typical cases of indi- 
viduals showing spontaneous mirror-writing Carmichael and Cash- 
man (5) conclude that the phenomenon of mirror-writing is impor- 
tant not only because of its significance in the problem of handedness 
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and as a clinical symptom but also because it may yield new insight 
into the fundamental psychology of the acquisition of motor and 
perceptual habits. Reproductions of mirror-writing by their sub- 
jects and other illustrations give great value to this report. 

A comprehensive treatment of mirror-writing from many angles 
is contributed by Critchley (8). He believes it to be physiologically 
normal for the left-handed person. He discusses also the curious 
anomaly of “ écriture en double miroir” and “ Senkschrift” or 
vertical writing as practised by the left-handed. The latter, he thinks, 
is probably “a compromise between ordinary dextrad writing and 
mirror-script.” Critchley also sketches the problem of orientation of 
written languages, and concludes that it “lies even deeper than a 
question of handedness and depends upon those totally unknown 
factors which determine the ‘eyedness’ of races and individuals.” 

In addition to such specific symptoms as slow speech, stuttering, 
mirror-writing and dyslexia, Wile (111) has studied the results of 


conversion “ from right-handedness to left-handedness ” in terms of 
consequent awkwardness, poor muscular coordination, irritability, 
restlessness, slow thinking and confusion. Feelings of inferiority 
and general behavior maladjustments are also found so originating. 
Five groups of left-handed are discriminated. 
LATERALISM AND GENERAL PsyCHOPATHIC TENDENCIES 
Suggestions have been made that crossed dextrality or sinistrality 
may be connected with general neurotic tendencies. Downey (23) 
raised the question specifically in connection with groups of subjects, 
but was unable to do more than suggest possibilities in the way of 
experiment. Estabrooks and Huntington (32) attempted to deter- 
mine the relation of left-handedness to psychoneurotic traits and to 
introversion by correlating scores for 280 Freshmen on the Colgate 
test B—2 and C-2 with degree in strength of one hand over the other 
as determined by the use of the dynamometer. Their results were 
negative. (See also Gordon, 150.) So, too, were results obtained 
by Wetmore and Estabrooks (109) when mean scores on Laird’s 
Personal Inventory B, for 62 students either totally left-handed, 
ambidextrous, or having left-handed tendencies were compared with 
mean scores obtained from 62 right-handed men chosen at random. 
Cuff (10) asks very specifically the relation to psychopathic tend- 
encies of (1) eyedness; (2) handedness; (3) lack of harmony 
between preferred eye and hand. (1) He tested 203 children in 
grades three to eight, using three tests of eyedness, nine for handed- 
ness, and the Woodworth-Cady questionnaire for psychopathic tend- 
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encies. Correlations were found for the degree of excess in strength 
of the tendency to sight with one eye over the other and scores in 
the Woodworth-Cady questionnaire. Three of the seven correlations 
were negative, and some of them not four times their probable error; 
the more reliable r’s, however, apparently show that those who have 
a strong unilateral sighting tendency are the ones who are more nearly 
normal emotionally. Data not presented in detail suggested that an 
individual who sights with one eye and winks the other is likely to 
have fewer psychopathic traits than one who winks and sights with 
the same eye. Correlations were worked for scores on Haefner’s 
handedness scale and on the psychopathic questionnaire. The results 
were inconclusive, as were those found for lack of harmony between 
preferred eye and hand and a psychopathic organization. Some of 
the results were, however, distinctly promising. Oates (73) reports 
what he considers good evidence of nervous disability in “ crossed” 
groups as compared with pure groups. 

Quinan (86) has reported figures based upon observations on 
variously constituted groups as to the extent of visuo-manual sym- 
metry and asymmetry. Handedness was determined by noting the 
arm used in throwing and eyedness by a sighting test. He concludes 
that there is a marked tendency for sinistrals, either pure sinistrals 
or crossed sinistrals, to concentrate in certain of the esthetic voca- 
tions and that they are more definitely musical in their tastes than are 
dextrals. He found in his survey of 693 neuropsychiatric patients 
that the percentage of sinistrals was 30.4 for dementia praecox 
patients and 54.1 for a mixed group of persons with constitutional 
psychopathic states. He believes that sinistrals, especially those who 
are right-handed and left-eyed, are apt to show signs of constitutional 
instability. 

Quinan (87) has also checked the handedness and eyedness of 
speeders and of reckless drivers. He found that the RL percentages 
were 26.8 and 45.4 respectively for 354 speeders and 121 reckless 
drivers. Among 2,331 university students 19 per cent were RL 
sinistrals. 6.7 per cent of the speeders and 5.7 per cent of the reckless 
drivers were left-handed men, that is, LL plus LR. 


STRUCTURAL ASYMMETRY 


The relation between structural and functional asymmetry is 
uncertain. 

Smith (96), accepting as a criterion of right- or left-handedness 
the observation “whether the right or left humerus is longer or 
stronger,” reports that left-handedness may be told from fossilized 























oo hu ~ 


I 
: 
ea 
, 
5 
S 
r 








LATERALITY OF FUNCTION 129 


skulls by the reversal of the normal asymmetry of the brain case, a 
reversed asymmetry found by investigation to be associated with a 
longer and more robust left humerus. (See Cohn and Papez, 138.) 
He cites numerous anthropological authorities and writes “ looking 
through any extensive collection of measurements of human skele- 
tons it will be found that the means of the lengths of the right 
humerus are definitely greater than those of the left.” This is true 
although Gaupp’s summary calls attention to the fact that at time 
of birth the length of the two bones is identical. 

Schaeffer (90) has summarized the not inconsiderable material 
relative to structural asymmetry so far as the measurement of the 
length of bones on the right and left side is concerned. He concludes 
that the results indicate that the left arm is longer in about 9 per cent 
and the right in 75 per cent and that in comparison with the smaller 
per cent of those who are functionally left-handed this indicates the 
effect of early training on handedness. Schaeffer, whose interest in 
bilateral asymmetry was motivated by his study of spiral movements 
in man, concluded that there is no definite relationship if any between 
right-handedness or left-handedness or asymmetries of legs and the 
dominant way in which the individual turns in walking blindfolded. 
“The spiraling mechanism is more deep-seated and is demonstrably 
present in more of the protoplasm of the body than is right-handed- 
ness or left-handedness.”’ 

Lund (61) combats vigorously Schaeffer’s conclusion and finds 
structural asymmetry the natural explanation of functional asym- 
metry. He cites in evidence his own experiment on veering already 
discussed in which he found a structural and functional correspond- 
ence in 80 per cent of his cases. 

Ide (47) reports on characters shown by the cross-sections of the 
median and sciatic nerves of human males according to race and 
states that there is am asymmetry in the size of these nerves 
according to side. The right nerves are more often larger in the 
whites, the excess being more marked in the median than in the 
sciatic nerves. The left nerves are more often larger in the negroes. 

Sonnevie (2) in her extensive statistical investigation of finger 
prints from 24,518 individuals found that there were certain peculiari- 
ties in the distribution of pattern types between right and left hands. 
Whorls were considerably more numerous on right hands; arches 
and ulnar loops on the left. She also found certain differences when 
each finger was considered separately, the most outstanding differ- 
ence being the surplus of whorls upon right hands as concerned with 
the left ones for digit five, and the high percentage of radial loops on 
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digit five of the left hand, where their value on the left side is more 
than 18 times that on the right. In Bonnevie’s investigation no selec- 
tion of cases was made on the basis of handedness. Downey (23) has 
reported finger print patterns for 96 left-handed individuals and 
found some interesting reversals in percentages. The number of 
cases is too small to warrant any conclusions, but suggests a promis- 
ing line of investigation. 

Cummins and Midlo (14) in their work on palm prints state that 
their results show clearly the recognized ascendency of the right hand 
in the position of a more radially extended transversality. 

In a later study Cummins, Lecke, and McClure (15) analyze the 
palmar dermatoglyphics of 300 individuals for bimanual differences 
and report statistics as to a great variety of details. Among other 
details they state “that right hands are characterized by transverse 
alignments extending farther both radially and proximally than in 
lefts, in which the contrast is exhibited by configurations which are 
more inclined toward the longitudinal.” Lecke (58) continuing the 
investigation has compared the palmprints of 244 individuals of 
determined left-handed traits with the random group of 300 and 
concludes : 

“ The relationship of the dermatoglyphic characters to the func- 
tionally dominant hand or side is yet indefinite. There are bilateral 
asymmetries in the arrangement of the configurations which may be 
designated dextral or sinistral traits. Reversals or suppression of 
certain of the characteristics occur with functional dominance of the 
left hand in the mass analysis, though it is yet to be proven whether 
these reversals will apply to the individual cases. In view of the 
early fetal elaboration of the dermatoglyphics in their definitive 
form, the present findings suggest that handedness is innately con- 
ditioned, the dermatoglyphic unlikenesses being supposedly an 
expression of developmental asymmetry underlying the prospective 
functional dominance.” 

Lineback (59) raises the question of the structural ground-work 
of visual inequality. Comparisons were instituted between the two 
eyes of the same individual or animal, careful measurements being 
“made relative to the position of each macula in regard to its optic- 
nerve disc. . . . Im every one of the eighteen pairs of human 
eyes the distance was shorter in the right eye than in the left eye. 

Similar measurements applied to the nine pairs of monkey 
eyes showed very strikingly similar results; eight of the nine pairs 
of monkey eyes showed the right macula closer to its respective 


nerve than the left macula tu its disc.”” This structural condition of 
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the macula is in harmony with the findings in the acuity tests since 
it would appear that such adjustment would have some influence in 
bringing the right eye more readily into the line of vision. Lineback 
apparently considers ocular dominance and ocular acuity as identical 
phenomena. 


ANIMAL STUDIES 


The complications that exist when humans are tested for later- 
ality of function make it difficult to reach conclusive results. It is 
probable that more satisfactory observations will follow from investi- 
gations on animals, investigations carried out with greater precision 
and under more perfect control than is possible with human subjects. 

Yoshioka (115) in 1928 concluded from his experiments on thirty 
male rats, that in a T-maze where both paths—right and left—were 
open, rats tended to go toward the right or left when their nasal 

nes were curved toward the right or left respectively in reference 
to the long axis of the skull. This conclusion was confirmed in 1930 

results with a different type of maze—the diamond maze (118). 
While group means failed to show any significant preference of one 
to the other, individual records were significant. Eleven rats 
chose the right path predominantly, seven chose the left, ten were 
neutrals. “ When the skulls were prepared and the deviation of the 

edian suture of the nasal bones from the anterio-posterior axis was 
measured in angles, the correlation between the skull measurements 
and the choices of right path was found to be 0.69+.066.” In his 
revious study the correlation was less—0.432+.148. The role of 


other forms of anatomical asymmetry in producing a position habit 
was investigated, but inconclusively. A slight difference in length 


between right and left ulna and radius was found for eight out of 


twenty-eight rats. 

Yoshioka (117) has also tested 100 rats for handedness using a 
specially devised food pan. A distribution showed about an equal 
number of right- and left-handers and a small percentage of ambi- 
dextrous rats. When the rats were killed and the bones of the four 
limbs cleaned and measured under a low-power microscope there was 
found to be a slight association between the longer bones of a domi- 
nant arm and handedness. The association may not be significant. 
Somewhat similar results were reported for 200 rats also tested with 
the food pan (116). It is concluded that in a random sampling of 
laboratory rats a very few are likely to be ambidextrous and the rest 
divide themselves about equally to right- and left-handers. A pref- 
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erential use of one hand may have originated in part at least from a 
better development of that hand and arm. 

Tsai and Mauer (102) have also published results of investiga- 
tions in handetiness of rats. They made use of a glass bottle con- 
taining food, the opening of which was so small that it permitted the 
rat to use only one hand at a time in getting food out of the container. 
Two hundred fifty observations were made on each of 105 normal 
animals and on 54 vitamin B depleted animals, fairly evenly divided 
as to sex. Any rat using the left or right hand from 75 to 100 per 
cent of the total of 250 attempts was considered to be left-handed 
or right-handed, as the case might be, while any rat using either hand 
from 50 to 75 per cent of the total attempts was classified as ambi- 
dextrous. The majority of normal rats of either sex were found to 
be right-handed. The percentage of left-handedness was found to 
be higher among the vitamin B depleted animals, whose maze learn- 
ing ability was much inferior to that of the normal rats. 

Following the suggestions and methods of Yoshioka and Tsai, 
Peterson (85) determined by a feeding test the handedness of seven 
rats in the given situation; four were predominantly right-handed, 
two predominantly left-handed, and one ambidextrous. The rats 
were then operated upon, a portion of the cortex in the hemisphere 
opposite to the preferred hand being removed; for the ambidextrous 
rat the left cortex was chosen since the right hand was used most 
frequently. After a recovery period, observations on the handedness 
of the rats in the feeding situations was again undertaken. In the 
case of five of the rats there occurred a definite transfer to the hand 
opposite to the one normally used. The ambidextrous rat also 
shifted from the previously favored hand. In one case there was, in 
time, recovery after the operation. The author interprets the results 
in terms of preferential and not restricted use of the hands since no 
paralysis was detected. 

The extent and severity of the lesions were next determined and 
the conclusion reached that “ dominance in handedness in the rat, as 
determined in our feeding situation is dependent on intact motor and 
somaesthetic fields on the opposite cerebral hemisphere, and that 
extensive injuries to these fields will lead to a permanent use of the 
other hand.” 

Dennis (20) has reported briefly on sidedness in sleeping position 
for two squirrels and thirty-six cows. One of the squirrels was left- 
sided. For the cows the percentages of sidedness ranged from 50 
to 70. Only four of the percentages were reliably different from 
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50 per cent. “ Thus sidedness in sleeping position is found in some 
but not all of the animals studied.” 
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THE CONSTANCY OF THE LQ. 
BY CLAUDE L. NEMZEK 


University of Minnesota 


That the constancy of the intelligence quotient has attracted much 
attention is shown by the great amount of research that has been 
done in order to verify the theory of constancy. Much of the litera- 
ture concerning the problem has been concisely summarized by 
Foran (36,37), Burks (16), and Baldwin (60). They have con- 
sidered many of the studies in which the Stanford Revision of the 
Binet-Simon Tests was used; therefore, there seems to be a need 
for a review of investigations dealing with the constancy of the I.Q. 
derived from revisions of the Binet-Simon Tests other than the 
Stanford-Binet and group tests. Furthermore, various researches 
on the influence of training, environment, and physical condition on 
the I.Q. have been made. 


A. REVISIONS OF THE BINET-SIMON OTHER THAN THE 
STANFORD-BINET 


Using the 1908 and 1911 Binet Tests, the Yerkes-Bridges Point 
Scale, the Goddard, Kuhlmann, and Herring Revisions, or some 
altered form of the Stanford-Binet Tests, Bloch and Lippa (69), 
Bobertag (70), Chotzen and Nicolauer (85), Berry (66), God- 
dard (131), Descoeudres (245), Downey (105), Rosenow (201), 
Garrison (124,125), Kuhlmann (157), Doll (32), Terman (220), 
Dvorak (107), Wallin (230), Anderson (57), Henmon and 
Burns (144), Gray and Marsden (134, 135, 136, 137), Good- 
enough (20,40), Carroll and Hollingworth (78), and Cuff (92) 
have contributed some data concerning the constancy of the intelli- 
gence quotient of children of all levels of mental ability. 

As reported in the literature, most of these studies are inadequate 
because the data are very fragmentary. In most cases the writers 
have not specified age, grade, or I.Q. ranges; in many experiments 
the central tendencies and variabilities of 1.Q.’s and other measures 
are not indicated. Furthermore, some investigators have not 
reported the coefficients of correlation between test and retest, the 
intervals between tests, the changes in I.Q.’s, or the P.E. of measure- 


143 






























144 CLAUDE M. NEMZEK 





ment. Because they have failed to present significant facts, it is 
impossible to compare their results. 

Bobertag (70) used the 1908 Binet Tests to study the constancy 
of the I.Q. in 83 normal children, finding an r of .95+.024 between 
test and retest, the interval between tests being one year. Using the 
1911 Binet Tests and the Stanford-Binet at an average interval of 
10.26 months, Rosenow (201) obtained an r of .82+.027 between 
test and retest of 69 cases. With the Herring-Binet, Cuff (92) 
found r’s of .98+.01 between test and retest 1.Q.’s of two groups 
of 23 and 24 cases. The interval between tests was 24 hours. The 
value of this study is questionable because of the small number of 
cases. 

Results from the Kuhlmann 1922 Revision of the Binet Scale as 
reported by Goodenough (20,40) are important. She tested and 
retested 300 children at an interval of six weeks. The range of 
changes in I.Q.’s was from +39 to —21. Of the total group, 8.9 
per cent gained 20 points or more; 4.9 per cent lost 10 points or 
more. The r for test and retest was .813+.012. 

The following table gives the gist of Goodenough’s findings. 


TABLE I 
SuMMARY OF DATA PRESENTED BY GOODENOUGH 
MeanI.Q. S.D. MeanI.Q. S.D. Mean Algebraic 


Age Boys Girls Ist Test Ist 2ndTest 2nd Changes 
2 50 50 105.1 13.0 108.1 15.5 3.0 
3 50 50 104.4 18.2 107.6 21.7 3.2 
4 50 50 109.4 16.6 116.0 15.3 6.6 
All 150 150 106.3 16.2 110.6 18.1 4.3 


After making a few adaptations in the Stanford-Binet in order to 
test English children, Gray and Marsden (134, 135, 136,137) made 
some important studies concerning I.Q. constancy. Their subjects 
ranged from three to thirteen years of age at the first testing. A 
summary of Gray and Marsden’s data is given in Table II. 


TABLE II 


RésuME or Stupres CONCERNING THE CONSTANCY OF THE I.Q. 
By GRAY AND MARSDEN 
In- 
Range of Middle Semi-inter- Median terval 
50 Per Centof quartile Range IQ. in 


Testings N r Differences of Changes Change Years 
1 & 100 .887+ .014 —2.25to7.66 4.95 2.25 1 
2&3 55 .908+ .016 —3.03 to3.0 3.01 0.0 1 
1 & 3 63 .8362+ .059 —1.0 to7.25 4.12 3.5 2 

All 218 .883+ .036 —2.7 to7.0 4.85 1.6 1—2 
1&2 100 .8832% .015 —2.25to7.7 5.0 2.25 1 
4 371 .854+ .011 1—3 
6 616 .85 .008 —6.1 to4.7 5 a 1—5 
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At an interval of one year, Carroll and Hollingworth (78) 
retested 52 gifted children, ages seven to nine at the first testing, with 
the Herring-Binet. From the original data presented by the authors, 
it was found that the range of 1.Q. changes was from —19 to +22; 
the average change regardless of signs was 9.06; algebraically the 
range of the middle 50 per cent of changes was —4.0 to 11.67. The 
r between test and retest was .73+.044. Other important data from 
this study are: 


Test Range of 1.Q.’s Mean I1.Q. S.D. of 1.Q.’s 
l 108-174 135.8 13.8 
2 116-173 138.8 13.3 


From the standpoint of the constancy of the 1.Q., with the excep- 
tion of the data presented by Gray and Marsden, Goodenough, and 
Carroll and Hollingworth, the studies using revisions of the Binet- 
Simon other than the Stanford are inadequate and incomplete. 
Studies of lesser importance have been made by Bobertag, Rosenow, 
and Cuff. 

B. THe STANFORD-BINET 

The constancy of the I.Q. as derived from the Stanford-Binet has 
been studied extensively by Cuneo and Terman (93), Terman (10), 
Stenquist (210, 211), Rugg and Colloton (203), Baldwin and Stecher 
(27, 61,62), Poull (187), Garrison (122), Gordon (133), Berry (67), 
Dickson (4), Johnson (151), Irwin and Marks (6), Madsen (171), 
Garrison and Robinson (126), Johnson (7), Rugg (204), Hil- 
dreth (145), Wentworth (54), Lincoln (164), Randall (190), Free- 
man, Holzinger, and Mitchell (19), Matthew and Luckey (24), 
Rogers, Durling, and McBride (25,197), Carroll and Hbolling- 
worth (78), Cattell (79), Lamson (46), Brown (77), and Burks, 
Jensen, and Terman (1). 

Some of these studies were inadequate in that certain data are 
not presented. Furthermore, the studies include wide age and grade 
and I.Q. ranges; consequently, one is not justified in comparing 
these experiments with each other. In Table III the salient features 
of the important studies are summarized. 

Many other sources of data concerning the constancy of the 
I.Q. are available; however, because of inadequate and incomplete 
treatment, small number of cases, the method of analysis, or the 
style of presentation, the researches are of secondary importance. 
Studies in this category have been made by Fermon (35), Woolley 
and Ferris (56), Bronner (71), Dougherty (104), Ford (112), 
Root (200), Slocombe (207, 209), Stern (212,213), Teagarden (218), 
Chipman (84), Prouty (188), and Minogue (175). 
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C. Group TEstTs 


Garrison and Robinson (126), Olson (50), Johnson (151), 
Shewman (206), Wentworth (54), Broom (75,76), Jordan (152), 
Hirsch (43), Burks, Jensen, and Terman (1), Porter and Lauder- 
bach (247), and Nettels (177) have studied the constancy of the 
I.Q. with various group tests. The results of their studies are shown 
in Table IV. 

On the whole, these researches have been reported rather meticu- 
lously ; however, there is a lack of uniformity in specifying changes 
in intelligence quotients. Many of the criticisms applicable to studies 
using individual mental examinations may be justifiably used in 
reviewing group test investigations. Another peculiar circumstance 
throughout the literature devoted to the constancy of the I.Q. is that 
only one attempt has been made to correct for practice effects. 
Olson (50) corrected for practice in his research. He concluded, 
“The actual median change in 1.0. when Delta 2 is repeated at a 
year interval is 7.4 points. With allowance for practice the change 
becomes plus 2.46 points.” That this is an important issue has been 
shown by Miller (174) and Kefauver (154). 

Other investigators who have data pertaining to the constancy of 
the 1.Q. as derived from group tests are Cattell (79), Cattell and 
Gaudet (81), Avery (58), Cole (88), Cowdery (91), Dearborn 
and Long (100), Garrison and Tippett (127), Kefauver (154), 
Miller (174), Rogers (196), Root (199), Steckel (214), Colvin (89), 
Gates (128), Guiler (138,139), Brooks (73), Pintner (184), and 
Stenquist (53, 211). 


D. Practice, COACHING, TRAINING, ENVIRONMENT, AND THE I.Q. 


From a review of studies by Casey, Davidson, and Harter (17), 
Denworth (18), Burks (14,15), Freeman, Holzinger, and Mit- 
chell (19), Goodenough (20), Greene (21), Hildreth (22), Rogers, 
Durling, and McBride (25), Chen (29), Coy (30), Glick (39), 
Graves (42), Marine (48), Barrett and Koch (64), Bishop (68), 
Chapman (82), Chauncey (83), De Weerdt (102), Dunlap and 
Snyder (106), Freeman (116,117), F. S. Freeman (121), Gil- 
more (130), Hurlock (146), Ide (147), Merriman (173), Odell (179), 
Renshaw (192), Richardson and Robinson (193), Saer (205), Tea- 
garden (217), Terman (219), Thorndike (221), Wechsler (233), 
Wells (234), White (236), and Slocombe (208) concerning the 
effects of practice, coaching, length of school attendance, environ- 
ment, nursery school or kindergarten attendance, familiarity of the 
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examiner, and specialized training on mental ability, one may con- 
clude that the I1.Q., as measured or determined by our present testing 
instruments, may be changed to a certain extent; however, the 
changes which are due to practice, training, and the like tend to be 
of a transient nature. In other words, after an interval of time 
elapses, fluctuations in the I.Q. due to these factors seem to disappear. 


E. PuysicaL CONDITION AND THE CONSTANCY OF THE I.Q. 


Researches on this phase of the problem by Hoefer and 
Hardy (23), Dawson and Conn (31), Rogers (51), Fox (113), 
Jewett and Blanchard (150), Lowe (167), De Weerdt (101) and 
others have shown that the I.Q. is relatively constant. These studies 
have disproved the idea that the I.Q. would increase significantly 
following improvement in physical condition. 


F. ConcLupING REMARKS 


In concluding, it may be in order to note that the results from 
studies concerning the constancy of the I.Q. present a high degree of 
consistency. As one method of comparing the results of individual 
examinations with those of group tests, the reliability coefficients 
found by correlating test and retest 1.Q.’s may be arranged into a 
frequency distribution as follows: 





r’s f (Stanford-Binet) f (Group)* 
.95 — .99 5 1 
.90 — .94 15 3 
.85 — .89 20 9 
.80 — .84 23 6 
45 — .79 12 3 
40 — .74 9 4 
.65 — .69 8 0 
.60 — .64 3 1 
.55 — .59 1 0 
.50 — .54 1 0 
N 97 27 
Median .832 .846 
Os . 889 .885 
Q: 76 779 
Q .0645 .053 


* In addition to the reliability coefficients between test and retest I.Q.’s 
presented in Tables III and IV, the distribution of r’s contains a number 
of coefficients from the studies of Baldwin and Stecher (27,61) and 
Olson (50). 


The validity of this comparison may be readily questioned; how- 
ever, it is merely presented to show that there is a rather wide range 
in the magnitude of the reliability coefficients for Stanford-Binet 

























































THE CONSTANCY OF THE 1.Q. l 
Tests as well as for various group tests. Furthermore, it is important 
that one consider the groups studied by the various investigators. 
As a matter of fact, the extremely low coefficients reported for the 
Stanford-Binet Tests were not found for unselected groups. In the 
last analysis, however, the magnitude of the reliability coefficients 
for group tests tends to be as high as for individual tests, casting 
doubt upon the conception of the gross unreliability of group testing 
methods. 
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SPEED IN INTELLIGENCE 
BY L. F. BECK 
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THE ROLE OF 





Thorndike (25,26) has advanced the suggestion that human 


g 
abilities should be measured in three respects, (1) height or level of 


difficulty, (2) extent or range of different tasks, and (3) speed. 
The relative importance of these three factors is somewhat prob- 
lematical, due in part to the divergent results and conclusions which 
are reported in the experimental literature. The purpose of the 
present paper is to collect and to summarize those results which 
appertain principally to the significance of speed. 

In 1928, McFarland (16) reviewed the experimental literature 
which pertained to the rdle of speed in mental ability. He noted the 
contradictory nature of the results, but concluded on the basis of 
experiments which employed the individual method of timing test 
items, viz., Peak and Boring (20), Clark (5), Hunsicker (12), and 
Gilbert (10), that there is “a vital relationship between rate and 
mental ability.” In a later report (17) he stated that “ability to 
be quick is an essential part, if not one of the crucial factors in the 
mental reaction.” However, other papers including publications 
subsequent to 1928 present results which cast some doubt upon these 
sweeping conclusions of McFarland. 


(a) Speep 1n Motor Functions? 
Bagley (1) was one of the first to work in this field. From one 
hundred seventy-five pupils he obtained measures of reaction time 
there 


“ec 


and compared them with class standings. He concluded that 
seems to be little direct relation between mental ability as represented 
by reaction-times, and mental ability as represented by class 
standings.” 

To a mixed group of fifty-one students at the University of 
Texas, Perrin (21) administered a series of seventeen motor tests 
which were chosen for the purpose of eliciting both complex and 


1A measure of speed in the light of Thorndike’s classification would be 
one in which level and range either are held constant or are controlled statisti- 
cally. In many experiments it is found that level is assumed to be constant, 
due to the simplicity of the tasks chosen. 
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simple motor functions. No inter-correlations of the elementary 
functions exceeded four probable errors of the respective coefficients. 
The correlations among the complex tasks, reaction time, and Army 
Alpha scores appear below: 


Coérdination 


Bogardus Test Card Sorting of Two Hands 
Reaction time .16 = .09 a= SS —.06 += .10 
Army Alpha Cz ms 2 .10 + .09 


With regard to the meager relationship between the simple and 
the complex tests, Perrin said, “It seems quite patent that motor 
ability is not general, but that it is somewhat definitely specialized.” 
However, this generalization is followed by a reservation; namely, 
“A factor of general motor ability may exist; but if it does, it is lost 
in combination with other (non-motor) factors as the individual 
proceeds from one test to another.” 

The investigation of serial action by Hansen (11) entailed dis- 
crimination of position in response to auditory and visual stimuli. 
The reaction movement consisted of depressing one of four type- 
writer keys in an irregular succession. It was found that with each 
kind of stimulus the speed of serial action increased with practice, 
but the individual variability tended to decrease. The weighted 
correlation coefficient—a weighted average of two r’s derived from 
different distributions*—between simple reaction to sound and serial 
action was r=.31; N=176. The relation of serial action to Army 
Alpha yielded a weighted r=.21; N=276. 

Lemmon (15) compared differences in simple reactions to 
stimulus situations of varying complexity. One hundred reagents 
vere employed. The reactions were made to lights, both as to 
position, i.e., right or left, and as to number. If the greater number 
of lights appeared on the left side, the observer raised the left key, 
and vice versa. Reliabilities of the reaction times ranged from 
r=.88 to r=.95. The various reaction time measures were paired 
with scores on the Thorndike Intelligence Examination for High 
School Graduates. Speed of discriminative reaction correlated .27 
to .54 with speed of simple reaction, the more difficult the discrim- 
ination the lower the correlation. Simple and discriminative 
reactions and the Thorndike Examination produced coefficients which 
ranged between 01 and .17. 

Farnsworth, Seashore, and Tinker (7) measured simple reaction 
with a Hipp chronoscope and serial reaction with the Seashore 


2 Calculated by the reviewer. 
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Discrimeter. The reliabilities of these two functions were .72 and 
91, respectively. Thirty-four university students acted as reagents. 
In addition, scores were obtained on the Otis Advanced Examina- 
tion, Form A, Army Alpha, Form 6, the reading examination ( Part 
V) of the Ohio State University College Extrance Examination, 
Form 10, and the Thorndike Intelligence Test. The correlation 
between simple reaction and serial reaction was .15. Simple reaction 
correlated negatively with the intelligence tests as follows: Otis —.24, 
Army Alpha —.22, Thorndike —.16, and Ohio State —.16. Cor- 


relations with serial reaction gave Ohio .14, Thorndike .20, Otis .30, 


= « 


and Alpha .53. 

In an extensive study of individual differences in motor skills, 
Seashore (23) presented correlations between Thorndike test score 
and eight motor tests. The measures of reliability averaged .84. 
Speed of spool packing and serial reaction correlated —.03 and .09; 
N 50, respectively, with intelligence test score. 


Fifty university students were tested on a serial selection unit 


y Campbell (4). The observer followed an intermittent visual 
stimulus which appeared randomly in four positions: up, down, right, 
left. A correlation between speed of the right arm and test score 
on the Psychological Examination of the American Council on 


Education was .01+.10. The inter-correlations of the gross mus- 
culatures, t.e., between legs and arms, ranged between .84 and .96. 
The reliability coefficients were .93 or above. Hence, the writer 
concluded that a high degree of similarity or commonality appears 
to exist in the factors which determine the respective speeds of 
different musculatures to the same stimulus series. 

Beck (3) included a test for speed of silent reading with measures 
of simple reaction, serial reaction, and intelligence. ‘Thirty university 
students served as observers. Reliabilities of the simple and the serial 
action, and the reading tests were .93, .96, and .95, respectively. 
Inter-correlations among the four variables ranged between —.09 
and .32. Upon the basis of these coefficients it was concluded that 
“ speed plays a minor role in the determination of intelligence as it 
is measured by the Thorndike Entrance Examination.” 


(b) SPEED In SERIAL-VERBAL AND Motor FuNCTIONS 


Hunsicker (12) used eighty-two students and eighty-one grade 
school pupils in a study of rate and level in arithmetic and sentence- 
completion. All of the reliability coefficients were above .75. The 
correlations between rate and level ranged from .25 to .50 (uncor- 
rected for attenuation), from which Hunsicker concluded that “ there 
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is a consistent and fair positive relationship between rate and ability.” 
And, “ Since these two functions, arithmetical ability and sentence- 
completion ability, are generally conceded to be indications of the 
mental ability we call intelligence, it is regarded as evident that the 
degree of relationship indicated by these correlations between rate 
and ability in the two functions, is indicative of the relationship 
between rate of mental work and level of intelligence itself.” 

Clark (5) investigated the relation of range, speed, and level to 
scores on intelligence tests. To one hundred eighty pupils he admin- 
istered the Terman Group Intelligence Test, the Stanford Revision 
of the Binet Test, and the Otis Self-Administering Test of Mental 
Ability. Two measures of speed were obtained from the quickness 
in solving arithmetic problems and completing sentences. The 
reliability coefficients were .79 and .88, respectively. The correla- 
tions of rate with the scores on the intelligence tests averaged .54. 
3ut when range and level were held constant by the use of partial 
correlation, the average correlation between speed and intelligence 
dropped to .23. 

Peak and Boring (20) gave two forms of the Army Alpha 
Examination and two forms of the Otis Self-Administering Test of 
Mental Ability to five subjects. Each item in the tests was timed 
by an experimenter who sat beside the subject. In addition, one 
hundred simple reaction-time measures of the motor type were 
obtained by the use of a Sanford chronoscope. The Alpha and the 
Otis tests correlated .70 and .90 with reaction times. The authors 
stated with reservations due to the number of subjects that “ speed 
of reaction is an important, and probably the most important factor 
in individual differences in the intelligent act.” 

Dowd (6) tested the speed of reading and the speed of hand 
movement in one hundred sixty-five sixth grade children. The Otis 
Advanced Examination which had a reliability of r=.83 was given 
also. The reliability of the reading material was r=.83, and that of 
the hand movement approximated r=.88. Correlations among the 
component measures were as follows: 


Hand movement and intelligence r= .10+ .05 
Reading and intelligence r= .30= .05 
Hand movement and reading r= .42t 6 


Gates (9) studied the rate of reading of eighty grade school 
pupils in its relation to general intelligence. Scores on the reading 
test correlated r=.31 with the scores on the Stanford-Binet Intelli- 
gence Test. Similarly, Beck (2) employed seventy college sopho- 
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mores and found a correlation of .13 between the scores of the 
A. C. E. Examination and measures of reading rate on the lowa 
State Reading Test. 

Miles and Bell (18) took photographic records of the eye-move- 
ments of sixteen advanced university students while they were 
reading a paragraph from Form T of the Thorndike Intelligence 
Examination for High School Graduates, Part Ill. Comparisons 
were made among the average perception time per line, the Thorndike 
test score, and the average number of lines read in thirty minute 
rapid reading periods. The rank-order coefficient between the 
reading on the Thorndike test and perception time per line was 
64+.10. The correlation by the same method between the average 
perception time per line and the average number of lines read was 
.16+.17. This apparent discrepancy was explained on the basis of 
the nature and difficulty of the material read in the two cases. The 
rank-order coefficient between the Thorndike test score and the 
average number of lines read was .24+.14.° 

Sixty students in general psychology were used as subjects by 
Garrison (8) in an investigation of some simple speed activities. 
Each of the students was given the Otis Self-Administering Test of 
Mental Ability. Eight different tests ot speed were employed, two 
of which were speed of vocal responses in reading such materials as 
objects, colors, letters, forms, numbers, and words in a continuous, 
i.e., all of one type of material placed together, and in a mixed order. 
The correlations of these two forms with the Otis were .28+.08 
and .18+.09, respectively. One other of the eight tests was card 
sorting which correlated —.02 with the Otis. The remaining 
coefficients were likewise quite insignificant. 

Kennedy (14) combined scores on the Otis Self-Administering 
Test, Advanced Examination, and the Terman Group Test of Mental 
Ability as a criterion of intelligence. A Dunlap chronoscope was 
used to procure the reaction times of thirty-two students at Harvard. 
The reliability coefficient was .91. A negative correlation of —.32 
was found between reaction time and intelligence. A speed rating 
derived from a combination of seven tests resulted in an r=.14 with 
intelligence. 

McFarland (17) administered ten different tests to thirty-four 
Harvard students in order “ to study the inter-relationship of ability 
in respect to speed in different mental tasks varying in degree of 
complexity from simple auditory reaction to insight problems.” 


8 Calculated by the reviewer. 
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The inter-correlations which tended to conform to an hierarchical 
arrangement, ranged from .00 to .88 with an average of about .60. 
From these results it was concluded that subjects maintain their 
relative speed rankings in various kinds of mental reactions; there- 
fore, ability in respect to speed is an individual trait which is char- 
acteristic of mental behavior. It should be noted that McFarland’s 
study did not deal with the relative importance of speed in mental 
ability. Rather, it observed a tendency for some degree of speed to 
be consistently present among various mental tasks from which power 
had been eliminated. By the application of Spearman’s method of 
hierarchical arrangement and tetrad differences McFarland showed 
that the speed measures of the thirty-four subjects involved general 
ability. In this connection Kelley (13) has pointed out that “ If 
one assumes one single factor to be adequate in the explanation of a 
given set of inter-correlations, obviously the smaller the population 
the more likely are the data to be consistent with the assumption.” 
In this paper McFarland again stressed the timing of each individual 
test item in order to rule out “ possible distraction, fluctuation of 
attention, or what-not entering into the lapse of time.” However, 
Farnsworth, Seashore, and Tinker (7) have shown that neither 
standard time scores (time-limit method) nor scores obtained from 
items individually timed (work-limit method) on the Otis Advanced 
Examination, Form A, correlate significantly with simple reaction 
time. Likewise, either method of scoring gives low positive cor- 
relations with serial reaction time. Subsequently, Paterson and 
Tinker (19) directly compared the two methods of scoring with a 
speed of reading test. They reported a correlation coefficient of 1.00 
(corrected for attenuation) between the scores of the work-limit and 
the time-limit methods. More recently, Tinker (24) declared that 
“one may safely assume that either method of test application will 


” 


yield scores equivalent to scores obtained by the other method 


(c) SPEED oF Nervous CONDUCTION 


A field recently opened for investigation is that of reflex conduc- 
tion rate in its relation to intelligence. The first paper by Travis 
and Hunter (27) is omitted from this review because the results 
conflict with all subsequent reports. 

Rounds (22) measured the latent time of the Achilles reflex of 
eighty men. The scores ranged from 32 to 96 sigma. This reflex 
latent time, according to Rounds, is the product of an unlearned 
reaction, and exhibits what may be called pure “speed.” This was 
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compared with speed scores on different tests of mental reactions 
such as addition, completion, letter-cross-out, figure-cross-out, and 
association. The correlation coefficients ranged between .21 and .51. 
A composite score of all the tests mentioned above with the exception 
of association, correlated .60 with latent time. Unfortunately, relia- 
bility coefficients of the various measures were not reported; conse- 
quently, definite conclusions cannot be drawn. 

Travis and Dorsey (28) used the action current technique to test 
the reflex conduction rate of two groups of children whose intellec- 
tual levels were mid-imbecile and below. The first group contained 


fifty-seven cases with an age range from four to fourteen years. 

The second group of twenty-nine subjects varied from seven to ten 

years. The mean reflex time of these two groups were compared 

with the mean reflex time of forty-seven superior children, whose 
es were from seven to ten. The ratio of the standing height and 
flex time was used also as a means for group comparison. The 
ults demonstrated no significant differences between the reflex 

times of the intellectually inferior groups and those of the superior 
up. 

Whitehorn, Lundholm, and Gardner (31) measured the speed 
of the patellar reflex of thirteen defectives and compared the scores 
with similar measures which were obtained from thirteen normal sub- 
ts. Mental ages were assigned on the basis of Army Alpha scores. 
The writers observed no tendency for low mental ages to be asso- 
iated with slow reflex times. The coefficient of correlation between 
mental age and knee-jerk reflex time corrected for various heights 
of the twenty-six subjects was .15+.13. 

Travis and Young (29) extended the study of the relation 
etween electromyographically measured reflex response latency and 


intelligence. The correlation coefficient between the Achilles and the 
patellar reflex times for one hundred eleven cases was .79+.04. 
Reliabilities of the two reflexes were .90 and .80, respectively. Five 
correlation coefficients between reflex times and measures of intelli- 
gence ranged from —.08 to .24. These coefficients were computed 
from the records of two hundred fifty individuals whose ages ranged 
between four and thirty-five years. 


(d) SuMMARY 


If the correlation coefficients which involved intelligence test 
score as one variable are grouped from the foregoing review, the 
following results obtain: 
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(1) Fourteen correlations with simple and discriminative reac- 
tion ; range of coefficients, —.32 to .90; median coefficient .16, 

(2) Fourteen correlations with serial reaction; range, —.03 to 
.53; median coefficient .18. 

(3) Five correlations with speed of reading; range, .14 to .32; 
median .30. 

(4) Six correlations with speed in serial-verbal tasks, e.g., sen- 


tence completion ; range —.06 to .23; median .12. 
(5) Six correlations with reflex response latency; range —.08 to 


24; median .06. 


If the median coefficients in the above array are representative, it 
can be shown by squaring r (30) that the above-listed speed measures 
on the average contribute a small percentage of the factors 
which comprise an intelligence test score. By correcting for unrelia- 
bility of the measures, the percentage of common factors between 
speed and intelligence test score would increase somewhat. On the 
other hand, however, as Clark (5) has shown, it is very probable that 
some scores which are supposed to represent only speed are con- 
taminated with other factors which tend to raise the correlation.‘ 


4Three Recent Studies: Since the original formulation of this review, 
relevant articles by Claparéde and his students (32), and by Freeman (33, 34), 
have appeared. Claparéde presented an extensive summary of the experiments 
which dealt with the general significance of speed of response. His own study 
with 77 boys and girls revealed a low correlation between speed and quality 
of performance. 

Freeman investigated the importance of speed in intelligence tests. He 
administered the National Intelligence Test (Scale A, Form 1), the Otis 
Advanced Examination (Form A), the Dearborn Group Test, the Terman 
Group Test of Mental Ability, and the Ohio State University Psychological 
Test. Each of the tests initially was given with standard limits of time, and 
subsequently with doubled limits of time, except the Ohio State Examination, 
which was repeated with unlimited time. With the extended limits of time 
each subject was able to attempt every item in the respective tests. The test 
(standard time)—retest (extended time) correlations were as _ follows: 
National .83, N = 56, Otis .58, N = 51, Dearborn .£88, N = 100, Terman .93 
N = 42, and the Ohio State .72, N=117. Freeman pointed out that “if there 


’ 


is a low correlation we may conclude that the test with its original time limit 
measures speed for the most part, inasmuch as it appears that the slow, plod- 
ding, accurate individual is able to score much higher if he is given sufficient 
time to undertake the solution of each problem.” Inasmuch as the above 
correlations were not low, Freeman concluded that the tests were measures 
chiefly of power, while the factor of speed was of relatively little importance. 
Possible exceptions to this, as he pointed out, were the Ohio State Test, and to 
a greater degree the Otis Advanced Examination in which the factor of speed 
was of fair importance. 
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CONCERNING TITLING OF SCIENTIFIC 
PUBLICATIONS 
BY RICHARD WELLINGTON HUSBAND 
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A writer naturally wishes to have his publications read by as 
many individuals as possible. However, with the mass of printed 
material at the reader’s disposal it is entirely impossible to read all 
published articles. While abstracts and reviews assist in calling to 
our attention contributions on topics in which we are interested, such 
service is not complete, and there is a lapse of time between publica- 
tion and later review. The final determination of whether or not an 
article will be read lies in the writing itself, and accordingly may be 
controlled by the author. 

Proper titling may determine whether or not such publication is 
widely read or passed over. How, then, may the title be designed to 
advertise thoroughly the contents of the manuscript ? 

[f we adopt the chief functions of an advertisement from Starch, 
we find the following: Attention, Interest, Conviction, Memory, and 
Action. In our case the Attention value may usually be ignored. 
Individuals interested enough to peruse our scientific journals need 
no further subtle arousing of attention by catch phrases or startling 
statements. Not only is such procedure unnecessary, but many feel 
that it opposes the true conservatism of science. However, it might 
be remarked that a monograph entitled “The Psychology of 
Efficiency ” is said to have circulated several times as widely as it 
might have with an equally accurate name, but one which would 
sound less general and immediately applicable, such as “An Experi- 
ment in Trial and Error Learning.” The recent South Pole Expe- 
dition, while organized and conducted on a thoroughly scientific basis, 
is being conveyed to the reading public through books with very 
" Catchy” titles. However, this involves use out of scientific fields. 
Ordinarily we can assume that the psychologist will look over a recent 
journal and make note of articles in which he is interested. 

Where does Interest lie? We can ignore the emotional side, so 
important in advertising, and consider the more intellectual. A 
psychologist’s interest in an article will lie in three directions. 
(1) Topic: insight, learning, forgetting, emotion; and the sub- 
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divisions of these, such as retroactive inhibition, thalamic activity in 


? 


fear, abstract reasoning in primates, etc. 2) Subject: human, 
animal, feebleminded, race, child, aged. A child psychologist, for 
example, may be interested in anything which pertains to individuals 
of a certain age, regardless of what field of behavior is being treated. 
(3) Apparatus. We may study a topic, say learning, by means of a 
maze, with discrimination devices, by the conditioned reflex method, 
in a problem box apparatus, or through insight situations. Yet one 
may be interested in the maze (or any other of these pieces of appa- 
ratus) as a psychological measuring instrument, regardless of whether 
human adults, children, or any special species of animal are being 
tested, or whether a law of learning or a physiological problem is 


under investigation. 

Since an article may be of interest to these three classes of readers, 
I suggest making the title appeal to all, by including in it the problem 
studied, the subjects employed, and the apparatus used. As examples, 
three titles have been selected, these satisfying respectively one, two, 
and three objectives : 

1. “ Further Studies in Overlearning.” 

2. “The Retention and Recognition of Patterns in Maze 

Learning.” 
3. “Analysis of Methods in Human Maze Learning.” 


The first indicates only the problem; apparatus and type of subject 
are omitted. The second title tells of the problem and the apparatus 
by which it was studied, but leaves us in ignorance as to the type of 
subjects. The third names the problem, the subjects, and the appa- 
ratus, yet is not excessively lengthy. 

Certain other titles have special features which deserve being 
pointed out. “‘ The Comparative Learning of Rats on Elevated and 
Alley Mazes of the Same Pattern ” tells very explicitly the apparatus 
and type of subject, and we are led to infer that the comparison is 
general, involving observations on various items of behavior, rather 
than dealing with a limited topic. Reading the article discloses this 
supposition to be true, so the title is justified. 

It is unfortunate in many cases that the various topics dealt with 
can not be mentioned, as some of especial interest might be passed 
over by the reader who is too busy to search for material by more 
than title. Retention, for example, is frequently tested as a sub- 
ordinate problem in connection with research on some learning topic. 
A similar omission, which is also entirely unavoidable, lies in being 
unable to name each of a number of tests, say in a motor battery, so 
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that anyone interested in one or more of these tests could give that 
part of the report special attention. A few carefully chosen words 
as part of the title might suggest possibilities, when it is out of the 
question to mention all. “A Report on the Administration of 
Scholastic Aptitude Tests to 34,000 High School Seniors in Wis- 
consin in 1929 and 1930” leaves nothing to be desired in the way 
of completeness, but is somewhat cumbersome for copying and 
reference purposes. 

The problem can not be outlined so easily with theoretical 
articles, because the chief emphasis is on the topic. Rarely is the 
discussion confined to experimental results or theoretical deductions 
based on one type of apparatus or one class of subjects. But one 
may hint in his title the direction which the discussion may take: 
criticism, verification, addition, amplification, terminological, or 
systematic discussion. 

1. “A Response Interpretation of Consciousness.” 


2. “A Behavioristic Interpretation of Consciousness.” 


Both of these not only show the topic, but the writer’s viewpoint. 
3. “ Errors in Recent Critiques of Gestalt Psychology.” 
4. “Some Weaknesses in the Explanation of Habit Fixation as 
Conditioning.” 
These show respectively defense and criticism. 
5. “Is the Refractory Phase Theory Adequate to Explain Mental 
Fatigue?” 
By this question we see that this theory is being subjected to scrutiny, 
and we infer that the answer will be at least a partial negative. 
6. “The Laws of Association.” 


This title is very general, as the article itself proves to be, and conse- 
quently tells one little of what he may expect. Being rather swamped 
by unread journals and books, I might have passed over this excellent 
article but for the reputation of its writer, Professor Harvey Carr. 
However, it was the author’s name rather than the title which saved 
it from omission. Just how to improve this title, and still confine it 
to reasonable length, is, by nature of the contents, rather difficult to 
suggest ; undoubtedly Professor Carr thought of this before he com- 
promised on the short and indefinite heading. “Are Our Present 
Laws of Association Sufficient to Account for All Cases of 
Learning?” is not free from objection, but gives a somewhat better 
suggestion of the contents. 

























































NOTES AND NEWS 


The discussion in the last paragraph shows some of the difficulties 
in the way of properly and completely titling a theoretical article. 
In cases where it can not be done adequately, I would suggest the 
author take special pains to point out the important aspects of his 
subsequent treatment in his first paragraph or introductory section. 

This discussion has all centered around the second necessity of 
successful advertising: rousing Interest. The remaining three 
points find little application in the title, so we may dismiss them 
briefly. 

Conviction would come more from the author’s name and from 
the contents than from the title. A conservative title should help to 
lend a modest air, but inspection of the journals shows that worry on 
this score is unnecessary. Memory will usually have to result from 
the thoughts imparted in the body of the article, although a title 
incorporating unusual words, such as “ Obliviscence and Reminis- 
cence” may have exceptional memorial value. Action, in this case 
reading, rather than purchase as in advertising, will follow through 
successfully arranging the title so as to hit the interests of possible 
readers through the three approaches mentioned above: topic, 
subject, and apparatus. 


NOTES AND NEWS 


Tue Midwestern Psychological Association will hold its eighth 
annual meeting as guests of the Department of Psychology, Iowa 
State College, Ames, Ila., May 19 and 20, 1933, under the presidency 
of Dr. H. B. English, Ohio State University. 


THE annual convention of the Association for Childhood Educa- 
tion will meet in Denver, June 27 to July 1, 1933. The five-day pro- 
gram will be headed by educators of national and international prom- 
inence. Among those expected are Julia Wade Abbott, president of 
the Association, and member of the White House Conference on 
Child Health and Protection; Josephine C. Foster, of Minneapolis, 
vice-president ; Patty Smith Hill, Teachers College, Columbia Uni- 
versity ; Marjorie Hardy, author of textbooks on children’s reading; 
Mary Dabney Davis, Bureau of Education, Washington, D. C.; 
Rowna Hanson, editor of Childhood Education; Lois Hayden Meek; 
Arnold Gesell, director of clinic of child development at Yale Univer- 
sity; Mary Bell Fowler, of Cornell University ; Helen M. Reynolds, 
director of kindergarten and primary grades, Seattle Public Schools. 
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DurincG the summer of 1933 the University of Kentucky is again 
codperating with the Psychological Institute of the University of 
Vienna in offering summer courses in psychology. These courses 
will be given by members of the faculty of that institute and credit 
will be granted by the University of Kentucky. The work is organ- 
ized and under the supervision of Dr. Henry Beaumont, who is also 
in charge of the special tour arranged for those planning to attend 


this summer session. 


Tue following note is taken from Science: The committee of the 
American Psychological Association on Precautions in Animal 
Experimentation, consisting of Drs. C. P. Stone, E. G. Wever and 
C. J. Warden, Chairman, desires to call attention to the following bills 
which have been introduced since January first to limit experimental 
work on animals: (1) New York Assembly, A. 63, proposing to pro- 
hibit any experimental work upon a living dog; (2) New York 
\ssembly, A. 181, proposing to make it a misdemeanor to experiment 
or operate on a live dog for any purpose other than to heal or cure 
the animal; (3) Massachusetts Senate, S. 113, proposing to penalize 
certain experiments and operations on live dogs, and (4) Maine 
House, H. 217, proposing a fine for the practice of vivisection in 
schools supported wholly or in part by the state. Dr. Warden writes: 
“Tt is hoped that members of the American Psychological Associ- 
tion, residing in these states, will write letters of protest against the 
passage of these measures to the appropriate legislators. Bills of this 
kind are backed by powerful organizations whose efforts to obstruct 
scientific research must be met by active and determined resistance.” 
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